The current study investigates whether inhibiting the Notch-1 signaling pathway in primary human monocytes enhances M2 macrophage differentiation. We generated primary human monocytes cell culture model to understand the effect of Notch-1 signaling pathway. Monocytes were treated with Notch-1inhibitors DAPT or siRNA. Our data show that there was a significant increase in the M1 macrophage population demonstrated by iNOS marker in the primary human monocytes treated with apoptotic conditioned medium (ACM). Next, the levels of pro-inflammatory cytokines IL-6, and MCP-1, as well as TNF-α increased in ACM media (p < 0.05). Furthermore, M1 macrophages and pro-inflammatory cytokines were reduced following DAPT or siRNA treatment. Comparatively, there was a significant increase in M2 macrophages as demonstrated by an increase in CD206 and arginase-1 positive cells treated with DAPT or siRNA (p < 0.05). Furthermore, a significant increase in the associated anti-inflammatory cytokines IL-10 and IL-1RA was also observed with respect to control groups (p < 0.05). We conclude that blocking the Notch-1 pathway with DAPT or siRNA attenuates pro-inflammatory cytokines, enhances M2 macrophage differentiation, and increases anti-inflammatory cytokines in primary human monocytes. As a result, Notch-1 pathway inhibition has potential therapeutic applications of inflammatory disease.
. Of distinct interest are macrophages, as they are key responders in inflammatory processes (Fung et al. 2007; Moore et al. 2013; Outtz et al. 2010) . When an injury occurs, macrophages migrate to the area and differentiate into two polarized subclasses, M1 and M2 macrophages (Kigerl et al. 2009; Rocher and Singla 2013) . Understanding the mechanisms by which these macrophages polarize and their specific roles in disease states are key to identifying novel treatments for ATH.
Both subclasses of macrophages, M1 and M2, differentiate from a broad class of cells called monocytes (Daigneault et al. 2010) . THP-1 cells, a monocyte cell line, have been used extensively in the investigation of macrophage polarization and differentiation (Qin 2012) . Theoretically, THP-1 cells are morphologically and functionally similar to primary monocytic cells, and are believed to mimic the role of primary monocytes (Qin 2012) . In the context of ATH and other inflammatory diseases, primary human monocytes, obtained directly from patient or healthy controls, are used to understand the functional significance of their mechanistic pathways by generating cell culture and in vivo models.
Various environmental stimuli in cell culture or in vivo determine which subclass of macrophage the monocyte differentiates. M1 macrophages have D r a f t 4 been found to be activated by IFN-γ, TNF-α, and LPS (found in certain bacteria), and are pro-inflammatory (Schildberger et al. 2013; Wolfs et al. 2011). M2 macrophages are activated by IL-4 and IL-13, and are anti-inflammatory (Wolfs et al. 2011 ).
The pro-inflammatory cytokines secreted by M1 macrophages are traditionally thought of as a defense that the organism produces when infected by a foreign object or organism (Wolfs et al. 2011) . While they are helpful in the previous case, they are detrimental in certain disease pathologies, such as ATH, by releasing pro-inflammatory cytokines, and therefore furthering tissue damage (Aoyama et al. 2009; Wolfs et al. 2011) . These pro-inflammatory cytokines include IL-6, MCP-1, and TNF-α (Kleemann et al. 2008; Outtz et al. 2010; Singla et al. 2014) . Conversely, M2 macrophages are anti-inflammatory, and aid in the repair of damaged tissue, making them a potential candidate for therapeutic options (Rocher et al. 2012; Singla et al. 2016) . Secreted from M2 macrophages are the anti-inflammatory cytokines IL-10 and IL-1RA, and show an increase in the expression of Arginase-1 enzyme important in reducing harmful nitric oxide production (Kleemann et al. 2008; Outtz et al. 2010; Singla et al. 2014 ).
The exact role of macrophage subtypes in inflammatory diseases and their mechanisms of differentiation are still unknown. We recently reported a cell culture model using THP-1 cells that the inhibition of the Notch-1 pathway enhances monocyte differentiation into M2 macrophages (Singla et al. 2014 ).
The blocking of this pathway has been achieved in previous studies by the D r a f t 5 gamma secretase inhibitor (GSI) known as DAPT, and small interfering RNA (siRNA) to knock down the function of the Notch-1 receptor (Singla et al. 2014 ).
The significance of this paper is to understand whether primary human monocytes can differentiate into M2 macrophages by blocking the Notch-1 pathway. We used DAPT to block the Notch-1 pathway, which is considered to be non-specific, we then used the specific inhibitor, Notch-1 receptor siRNA, to block pathway activation. This purpose of this study was to determine if inhibiting the Notch-1 pathway in primary human monocytes will decrease the presence of M1 macrophages and their cytokines, and subsequently enhance M2 macrophage differentiation and promote release of anti-inflammatory cytokines.
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Materials and Methods
Primary Monocyte Cell Culture
The primary human monocytes were obtained from Sanguine Biosciences (Human PBMC-005a, Bio Supply Net, New York). The frozen samples were thawed as instructed by the manufacturer and were directly placed in a 37°C water bath, and agitated until thawed. The vial was cleaned as directed, and then within 30 seconds, 1 ml of medium was slowly added to the cells, then followed by an additional 8ml of the media. The tube was inverted and pipetted up and down to mix. The vials were then centrifuged for 10 minutes at 400 x g.
The supernatant was removed, and the pellet was resuspended in 10ml of media. Cells were placed in the incubator at 37°C. Cells were maintained using standard cell culture medium.
Cell Culture Model
Apoptotic-conditioned media (ACM) was used in order to simulate cellular stress on primary human monocyte cells. This was used as previously reported in THP-1 cell culture studies by us (Singla et al. 2014) . To summarize the main points of the protocol, H9c2 cardiomyoblasts were plated for 24 h in 60-mm tissue culture dishes with 5 × 10 5 cells in each plate. 24 hours after that, 400 µM of H2O2 was added to each plate for 2 hours, and then the ACM was removed and filtered.
DAPT, a GSI, was also used to inhibit the functionality of the Notch-1 receptor. Protocol for DAPT treatment followed what has been previously reported by us (Singla et al. 2014 Small interfering siRNA is one method used to inhibit the Notch-1 pathway. The siRNA was used per manufacturing instructions, and as previously reported (Singla et al. 2014) . The groups were divided into control (scramble RNA+ primary human monocytes+RPMI), scr+ACM (scramble RNA, primary human monocytes, RPMI media and ACM), and siRNA+ACM (primary human monocytes, ACM, RPMI and siRNA).
Immunocytochemistry
In order to study the Notch-1 receptor and M1 and M2 macrophage markers, immunocytochemistry was used. The protocol previously reported by us was used (Singla et al. 2014) . In short, the cell smears were prepared on ColorFrost slides, fixed with 4% paraformaldehyde, blocked for 1 hour at room temperature with 10% normal goat serum, and the primary antibodies anti-Notch-1 to identify the Notch-1 receptors, anti-iNOS to identify M1 macrophages, anti-CD206 to identify M2 macrophages were added. The slides were counterstained with DAPI, and then were then incubated at 4°C for 24 hours. Cells were photomicrographed using confocal microscopy and cell counting was preformed, as we reported previously (Rocher et al. 2012; Singla et al. 2014) .
ELISA Analysis of Cytokines
The cytokines secreted by the M1 and M2 macrophages were quantified using ELISA kits, following the manufacturer's instructions as we published (Singla et al. 2014 and were purchased from RayBiotech (Norcross, GA). Developed color intensity was measured at 450nm using a BioRad reader, and the obtained OD was expressed in arbitrary units (A. U.)
Statistical Analysis
Data is expressed as the mean ± SE, and the statistical significance was examined when p < 0.05 using one-way ANOVA and Tukey's test.
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Results
Effects of DAPT Treatment on Notch-1 Receptor and Macrophage
Differentiation
To identify M1 macrophages and Notch-1 receptors from primary human monocytes, we performed double immunostaining. We performed quantitative analysis of the Notch-1receptor and of both M1
and M2 macrophages, in addition to the staining, in order to study the differentiation from the primary human monocytes, and the presence of receptors and cytokines both in the control and experimental groups. The data suggests that as ACM is added, the percentage of Notch-1 receptors on the M1 macrophages is significantly increased compared to the control, however, when This increase of M1 macrophage presence was reduced post-DAPT treatment.
On the other hand, when observing the data for the percentage of Notch-1 receptors present on M2 macrophages, there was no significant alteration between the control, ACM, and ACM+DAPT groups ( Fig. 1, E) . When observing the M2 macrophages, it can be seen that there was a significant decrease in number when treated with ACM compared to the control, however, when DAPT was added, there was a significant increase in M2 macrophages compared to both the control as well as the ACM groups (p < 0.05, Fig. 1, F ). This suggests that DAPT treatment successfully inhibited the Notch-1 pathway, and enhanced M2 macrophage polarization.
DAPT and its Effect on Inflammatory Cytokines
As described above, IL-6, and MCP-1 are pro-inflammatory cytokines, shown in Fig. 2 , A and B, respectively. IL-10 and IL-1RA are anti-inflammatory cytokines, arginase-1 is an M2 macrophage marker, and these are represented in Fig. 2 C, D and E, respectively. These cytokines allow for determination of which type of macrophage is present, and how it has been affected by the DAPT treatment. The cytokines allow for conclusions to be drawn about whether there was successful differentiation into one of the types of macrophages, and also points to what kind of effect that they may have on disease progression or healing.
D r a f t
It was observed that when primary human monocytes were placed in ACM, there was a significant increase of IL-6 and MCP-1 as compared to the control (p < 0.05, Fig. 2 , A and B). When DAPT was added, we observed a decrease in IL-6 levels, but the values were not statistically significant (Fig. 2, A) .
Moreover, there was a significant decrease in MCP-1 as compared to the ACM group in B (p < 0.05, Fig. 2, B) .
With respect to the anti-inflammatory cytokines, it was observed that there were no significant changes to cytokine levels when placed in ACM for IL-10, IL-1RA and arginase-1 (Fig. 2 , C, D and E). Conversely, when DAPT was added, there was a significant increase in IL-10, and IL-1RA anti-inflammatory cytokines and arginase-1 marker observed compared to both the control and ACM groups (p < 0.05, Fig. 2 , C, D, and E). This data suggests that DAPT treatment can block the Notch-1 pathway, enhance M2 macrophage polarization and increase their released cytokines.
Effect of siRNA Treatment on Notch-1 Receptor and Macrophage Differentiation
Since DAPT is a non-specific inhibitor for the Notch-1 receptor, further studies were performed using siRNA specific to the Notch-1R. We examined the effect of siRNA treatment on M1 and M2 macrophages through immunostaining.
The photomicrographs of the macrophages are stained for anti-Notch-1, M1 and M2 macrophages. Figure 1 shows explanation of this staining.
Quantitative analysis on the receptors and cytokines was completed to determine siRNA's effect on monocytes, and their differentiation into D r a f t macrophages. The data suggests that when primary human monocytes are treated with ACM media there is significant upregulation of the Notch-1 receptor on the M1 macrophage compared to the control (p < 0.05, Fig. 3 , C). This increase was reduced when siRNA was added, as the percentage of the receptors on the M1 macrophages significantly decreased compared to the scr+ACM experimental group (p < 0.05, Fig. 3, C) . The Notch-1 receptor on the M2 macrophages showed no significant alteration between the control, ACM and siRNA+ACM groups (Fig. 3, E ).
Our quantitative data shows there was a significant increase in M1 macrophages, as expected under conditions of stress; however when siRNA was added, there was a significant decrease in M1 macrophages (p < 0.05, Fig. 3, D) .
In contrast, when M2 macrophages were quantified, there was no significant alteration between the scr+ACM and control group; however, there was a significant increase in M2 macrophages when cells were treated with siRNA compared to both the control and the scr+ACM groups (Fig. 3, F) . Figure 4 shows there was a significant increase in pro-inflammatory cytokines IL-6 and MCP-1 in the scr+ACM group compared to the control, however, a significant decrease was observed in the siRNA treatment group (p < 0.05, Fig. 4, A and B) . In Fig. 4 , C, there was a significant increase (p < 0.05) in the TNF-α cytokine secreted in the scr+ACM experimental group compared to the control, however, in the ACM+siRNA group a decreasing trend in TNF-α was observed, but the values are not statistically different.
siRNA and its Effect on Inflammatory Cytokines
The amounts of anti-inflammatory cytokines IL-10 and IL-1RA, in addition to the arginase-1 marker for M2 macrophages are seen in Fig. 4 , D, E and F, respectively. It was observed that in the scr+ACM experimental group, there was no significant alteration in the amount of IL-10 secreted compared to the control group, however, there was a significant increase in IL-10 when siRNA was added, compared to the scr+ACM experimental group (p < 0.05, Fig. 4, D) .
A significant decrease (p < 0.05) of IL-1RA was observed in the scr+ACM experimental group, as compared to the control group, and there was no significant alteration when siRNA was added (Fig. 4, E DAPT treatment appeared to be successful at inhibition of the Notch -1 pathway. The reduction of M1 macrophages, their associated receptors, and cytokines was observed post-DAPT treatment. Likewise, the M2 population was enhanced after DAPT treatment under stressed cellular conditions.
In a 2010 cancer research study used OP9 cells to study macrophage polarization . When induced by LPS via the Notch-1 pathway, D r a f t it was found that there was production of pro-inflammatory cytokine IL-12 associated with M1 macrophages, however it was able to be blocked with a GSI, and subsequent increase of M2 macrophages and IL-10 was observed . This is consistent with our results of the current study, as well as our previous study on THP-1 cells (Singla et al. 2014 ).
We acknowledge, however, that there is certainly communication between this pathway and other molecular processes in the cell, and further studies needs to be performed. Phenotype switching post treatment is also a possibility in this case, and requires further investigation. Additionally, as mentioned previously, DAPT inhibition is believed to be non-specific, and therefore, in subsequent testing, we used siRNA specific to the Notch-1 receptors.
The data demonstrates that when the primary human monocytes are In our 2014 study on THP-1 cells, it was determined that there was a significant decrease in the pro-inflammatory cytokines IL-6, MCP-1, and TNF-α post-DAPT treatment, as well as post-siRNA treatment compared to the ACM media experimental group (p < 0.05, Singla et al. 2014 ). In our current study post-DAPT treatment, there was a significant decrease (p < 0.05) in MCP-1 compared to the ACM experimental group, there was no significant change in IL-6 levels, and TNF-α was not examined. Post-siRNA treatment, there was a significant decrease (p < 0.05) in the IL-6 and MCP-1 groups compared to the ACM experimental group, and there was no significant change in TNF-α levels.
As for anti-inflammatory cytokines in our 2014 study, there was a significant increase (p < 0.05) in both cytokines IL-10 and IL-1RA post DAPT, and post siRNA treatments compared to the ACM experimental group (Singla et al. 2014 ). In our current study, there was found to be a significant increase in IL-10 and IL-1RA (p < 0.05) compared to both the control and the experimental ACM group post-DAPT treatment. Additionally, post-siRNA treatment, there was D r a f t e a significant increase (p < 0.05) in IL-1RA compared to the ACM experimental group, and no significant change in IL-1RA.
Moreover, another recent study compared how THP-1 cells and primary human monocytes expressed cytokines post-treatment of LPS (Schildberger et al. 2013 ). When THP-1 cells were treated with LPS, there was secretion of TNF-α, similar to that of the primary human monocyte group under the same experimental conditions, however, the THP-1 cells did not secrete IL-6 and IL-10, and secreted IL-8 in a much lower quantities when compared to the primary human monocyte group (Schildberger et al. 2013) . This is different than the data presented in the current study when compared to our previous THP-1 study in
2014.
These results obviously differ from that of Schildberger et al., and this raises many questions. The difference in results could be due in part to the Schildberger et al. study using LPS to stimulate the cells, where as we used ACM, DAPT and siRNA to inhibit the functionality of the Notch-1 receptors. The mechanics of their study versus ours are different, and require further investigation. Additionally, it is unknown, as stated previously, if the macrophages switch between M1 and M2 polarization post-treatment, or if they directly differentiate directly to either the M1 or M2 subclass. Furthermore, there was a difference in some of the cytokines examined between studies, which also could be a contributing factor to the difference between our studies and Schildberger et al.
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In an additional recent study by Fukuda et al., it was found that inhibiting the Delta-like ligand 4 (Dll-4) improved the effect of the inflammatory process associated with atherosclerosis (Fukuda et al. 2012) . It was also found that there was a decrease in MCP-1 levels in the aorta, adipose tissue, and peripheral blood (Fukuda et al. 2012 ). In the current study, MCP-1 levels were significantly decreased when the Notch-1 pathway was inhibited via DAPT or siRNA. This study corroborates our findings that there is significance in Notch as a key player in inflammatory processes, however, it differs in that it examines a different aspect of the Notch pathway, and also does not examine M2 macrophages, and their receptors and cytokines specifically. Phenotype switching, post-alteration to the Notch pathway, is possible and therefore gives rise to the need for further study of the mechanistic relationships between the Notch pathway and macrophages building on current studies in this area of research.
In summary, our presented data suggests that when the Notch-1 pathway in primary human monocytes is inhibited by either siRNA or DAPT, there is enhancement of M2 macrophage polarization as evidenced by CD206 staining and arginase-1 presence. This is further supported by an increase in the secreted anti-inflammatory IL-10 and Il-1RA cytokine levels. Moreover, when we compared the data in the same setting to our previous report on THP-1 cells, primary human monocytes have similar characteristics, at least in the model we generated. Furthermore, DAPT data on these primary human monocytes have very similar effects as observed with Notch-1R specific siRNA. Our data suggest
shows that Notch-1 induces M2 macrophage differentiation; however, further D r a f t studies on exact mechanisms and intracellular cell signaling are needed.
Moreover, we published BMP-7 as a mediator of macrophage polarization using the SMAD-PI3K-Akt-mTOR pathway in M2 macrophage differentiation (Singla et. al. 2014 ). It will be interesting to explore whether SMAD-PI3K-Akt-mTOR pathway is a central pathway to enhance M2 macrophage differentiation with 
